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Background: Increase in the prevalence of type 2 diabetic mellitus (T2DM) as a complex
disease, its complications, and spread has become a dominant global health threat in recent
decades.

Objective: The aim of the current study was to investigate the impact of risk factors and
transition probability on the development and progression of the late complications of
T2DM.

Methods: This study was an open cohort one which was conducted at Isfahan Endocrine
and Metabolism Research Center (IEMRC). The data were collected from 1993 to 2018. The
sample size consisted of 2519 adults diagnosed with type 2 diabetes. We applied the
homogeneous multistate models including no complication, retinopathy alone, coronary
artery disease (CAD), microalbuminuria, retinopathy and CAD, and the final absorbing
mortality states.

Results: Based on our results, time-varying hypertension strongly intensified the hazard of
transition to mortality in CAD, no complication, CAD and retinopathy, and retinopathy
patients by 4.99, 4.09, 3.42, and 2.65 times, respectively. Hypertension seemed to be
a potential factor for the transition of microalbuminuria to no complication in diabetic
patients. One-unit increase in LDL increased the hazard ratio of transition from CAD, and
retinopathy and CAD to mortality by 1.8% and 2.4%, respectively. Moreover, one level
increase in time-varying HbAlc increased the hazard ratio of transition to retinopathy and
mortality among no complication diabetic patients by 30% and 67%, respectively. One level
increase in time-varying HbAlc also intensified the hazard ratio of transition from retino-
pathy to mortality by 45%. The same level of increase in time-varying HbAlc also intensi-
fied the hazard ratio of transition from CAD alone to CAD and retinopathy, and
microalbuminuria to retinopathy by 26% and 50%, respectively.

Conclusion: In addition to glycemic control, our study indicates that controlling hyperten-
sion and hyperlipidemia is more effective in reducing mortality and the diabetic macro- and
microvascular complications.

Keywords: T2DM, hypertension, CAD, microalbuminuria, retinopathy, diabetics

complications, multistate models, transition probability

Introduction

Increase in the prevalence of T2DM as a complex disease,' its complications, and
spread have become a dominant global health threat® in recent decades. The late
complications of diabetes mellitus are divided into two categories: macrovascular
and microvascular which affect eyes, kidneys, nerves, and cardiovascular sys’tem.3 In
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previous observational studies in 38 countries, the raw pre-
valence of macrovascular and microvascular complications
was reported to be 12.7% and 18.8% (chronic kidney disease
5.0%, proliferative diabetic retinopathy 7.5%, and albumi-
nuria 4.3%), respectively. The macrovascular complications
included coronary artery disease (8.2%), heart failure (3.3%),
and stroke (2.2%).*> An updated systematic review and
meta-analysis of patients with T2DM in Iran showed that
the combined prevalences of cardiovascular disease, retino-
pathy, and neuropathy were 33% (95% CI: 16-49%), 36%
(95% CI: 27-45%), 43% (95% CI: 27-60%), respectively.®
Moreover, the prevalence of microalbuminuria was 26%.’
Cardiovascular disease caused by hypertension and
dyslipidemia® is the major cause of mortality and morbidity
in T2DM patients. Due to the same underlying risk factors,
diabetes and hypertension are related to each other.® The
mortality rate of coronary artery disease increases as
a function of both serum cholesterol levels and
hypertension.® Good control of hypercholesterolemia and
hypertension reduces the relative cardiovascular risk among
diabetic patients.” Retinopathy which is characterized by
increased vascular permeability, is the most common micro-
vascular diabetic complication, while coronary heart disease
is the leading cause of macrovascular complication.'®"
Severe diabetic retinopathy is associated with the time from
onset of diabetic mellitus, hypertension, HbAl¢ levels,'* and
gender."*'* The postponement of diabetic retinopathy pro-
gression can be achieved by controlling the hyperglycemia
and hypertension in individuals with diabetes mellitus.'*
HbAlc is a proposed screening tool for diabetes which has
less intra-individual variation and is a reliable tool to antici-
both
Microalbuminuria is associated with cardiovascular events
in T2DM. High blood pressure, cholesterol, and blood glu-

cose, regular urinary albumin excretion, are strong modifi-

pate micro-/macro-vascular  complications.'?

able risk factors of diabetes complications in patients with
type 2 diabetes and should be assessed/measured.'>'®
Despite further attempts and educational programs to prevent
and control diabetes, Iran is one of the countries with the
highest number (5.4 million) of diabetes in the Middle East
and North Africa. In this region (MENA), the age-adjusted
diabetes prevalence was 12.2% in 2019 which is projected to
increase by 38.8% by 2030 and 96.5% by 2045.'* In long-
itudinal time-to-event studies, the progression of different
complications of the disease can only be analyzed using
advanced statistical methods.'” Multistate model describes
the changes in disease’s status over time, and more specifi-
cally, it is concerned about not only the outcome states but

also subsequent events after the first state. The starting and
final states do not have to be single and patients pass through
more than one intermediate state.'® Multistate model is
a useful tool to describe a process of movement through
a finite number of states in a continuous time. Furthermore,
by using this model, we can also estimate the rate of progres-
sion, assess the effects of individual risk factors, and evaluate
the survival rates or prognostic forecasting.'®'? A small
number of studies have considered the transit states from
one diabetic complication to another. The application of
multistate models in diabetes has been limited to one type
of complications such as retinopathy stages in diabetic indi-
viduals. The current research demonstrates the probability of
transfer to some microvascular or macrovascular complica-
tions and also examines the impact of complication burden
and major risk factors such as HbAlc, hypertension, gender
body mass index, total cholesterol, low-density lipoprotein,
and high-density lipoprotein using a homogeneous Markova
time-continues multi-state model.

Methods
Study Design, Participants, and Sampling

Strategy

This study was an open cohort study conducted at IEMRC.
The data were collected and stored in a clinical informa-
tion system from 1993 to 2018. The sample size consisted
of 2519 type 2 diabetic patients.

The inclusion criteria were age greater than 18 years old
and at least two follow-up visits per year. While the exclusion
criteria were pregnancy, other types of diabetes, and emigra-
tion. Details about the methodology used in the current study
including sampling method, survey instruments, and data
entry have been described elsewhere.”” The follow-up tests
were carried out using standards of medical care in diabetes
recommended by the American Diabetes Association
(ADA). The ethical approval for this study accordance with
the Helsinki Declaration was obtained from the Endocrine
and Metabolism Research Center, Isfahan University of
Medical Sciences and the University of Tarbiat Modares,
Iran. Informed consent was obtained from all participants.

Instruments
Diagnosis of T2DM: the diagnostic criteria for T2DM
were based on the ADA criteria.”!

Diagnosis of retinopathy: the diabetic individuals were
referred to an ophthalmology clinic; the diagnosis of reti-

nopathy was based on indirect ophthalmoscopy through
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Figure | Theoretical transition of complications in patients with type 2 diabetes.

dilated pupils. In patients with non-proliferative or prolif-
erative diabetic retinopathy, the diagnosis of diabetic reti-
nopathy was only considered by a physical examination by
an ophthalmologist,'® In asymptomatic patients, retinopa-
thy was evaluated annually/in a one-year time frame.

Coronary artery diseases: clinical symptoms, signs, and
changes in the electrocardiogram in favor of ischemia or
angiography that shows coronary artery stenosis. The assess-
ment of CAD consisted of a 12-lead resting electrocardiogram
and a positive response to the angina pectoris section on the
Rose questionnaire and self-reported medical history.**

Microalbuminuria diagnosis: microalbuminuria is
defined as an albumin excretion of 30 to 300 mg
per day.” In this study, we only considered microalbumi-
nuria (not macroalbuminuria). Most of the patients with
macroalbuminuria were referred to private clinics, and,
therefore, we were not able to follow-up their treatment
processes. HbA1c was measured using a DSS machine and
the ion-exchange chromatography method.

Variables

Gender, body mass index, total cholesterol, low-density
lipoprotein, high-density lipoprotein, hypertension (cate-
gorized as systolic/diastolic [140/90 mmHg or greater] or
the use of antihypertensive medications), and HbAlc were
independent variables that were included in statistical
modeling. The details on the measurements of the vari-
ables have been described elsewhere.?*

Statistical Analysis

In this study, a multistate time-to-event model was used as the
main statistical method for modeling five incorporate transient
states that represent T2DM without or with complications
including retinopathy, CAD, microalbuminuria, CAD and reti-
nopathy, and mortality as the final absorbing state. We assumed

that a continuous-time homogenous Markov process explores
the transition intensity times between these finite complication
states in diabetic patients (state 1: no complication, state 2:
retinopathy, state 3: CAD, state 4: microalbuminuria, state 5:
retinopathy and CAD, and state 6: mortality). The theoretical
transition between these states is shown in Figure 1.

We specified the multistate models in which the transi-
tion intensity matrix is conducted by the Q matrix.

q11 q12 q13 q14 - q16

- q22 - - q25 q26

0= - - g3 - g3 g3
qa1 q42 q43 q44 - q46

- - - - qs5 qs6

In the Q matrix, ¢35 shows the transition from state 3 to
state 5. By fitting the homogenous Markov multistate
model, we estimated the transition intensity of O matrix
which represents the risk of instant movement from state »
to state s. As shown in the below formula, ¢ is the con-
tinues-time and z(¢) can be a set of time-varying or indi-
vidual-specific explanatory variables.

grs(t,2(8)) = P(S(t + 61)) = s|S(¢) = r/dt

The probability of the subject’s next move from state r
to state s is — g5/ Q-

Due to specified Q matrix transitions in this model, there
are 13 transitions which were numbered in the following
order: (i) no complication (initial state) to retinopathy, (ii)
no complication to CAD, (iii) no complication to microalbu-
minuria, (iv) no complication to mortality (absorbing state),
(v) retinopathy to retinopathy and CAD, (vi) retinopathy to
mortality, (vii) CAD to retinopathy and CAD, (viii) CAD to
mortality, (ix) microalbuminuria to no complication, (X)
microalbuminuria to retinopathy, (xi) microalbuminuria to
CAD, (xii) microalbuminuria to mortality, and (xiii)
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Table | Number of Observed Transitions Between States (Row to Column) During Study Period (25 Years) in the Diabetic Patients

No Retinopathy CAD Microalbuminuria | Retinopathy and Mortality
Complications (Alone) (Alone) CAD
No complications 35196 318 333 276 17 104
Retinopathy (alone) | 0 11785 0 0 69 36
CAD (alone) 0 0 12263 0 108 52
Microalbuminuria 378 40 27 3210 6 |
Retinopathy and 0 0 0 0 6810 31
CAD
retinopathy and CAD to mortality. It should be noted (sece  Table 2 Demographic and Clinical Characteristics of Type 2

Table 1) that transitions from no complication and microal-
buminuria to retinopathy and CAD were not considered,
while in spite of inadequate sample size, the transition from
microalbuminuria to absorbing state (mortality) was consid-
ered. We assumed that the time-dependent covariates in the
model remains constant between two observations. By using
the multistate models with covariates (sex, time-varying
HbAlc, hypertension, LDL, HDL, and BMI), the current
study determines the hazard ratio of the factors associated
with the progression of diabetic complications among dia-
betic individuals. The parametric continuous-time multi-state
model was used to estimate the effect of the study covariates
on transitions between states.”> The evaluation of model
fitting was done based on improved approximation for
panel observations of multi-state Markov models.*® The
data were analyzed using free R statistical software version
3.6.0. (msm package).

Results

In our study, the median (Q1-Q3) follow-up time was 9.01
(4.79-13.38) years. The clinical baseline and demo-
graphic characteristics of the patients are reported in
Table 2. The mean (SD) age of patients was 49.83 (8.69)
years, 9.88% of them had more than 12 years of education
and 34% of the participants were male. The frequency of
the observed transition between states from row to column
is shown in Table 1. As shown in Table 3, the probability
of remaining in the previous state in no complication
patients after 1, 2, 3, 5, 10, and 15 years was 84%, 73%,
64%, 50%, 27%, and 14%, respectively. The transition
probability of CAD to mortality after 1, 2, 3, 5, 10, and 15
years was 2.8%, 5.6%, 8.3%, 13.6%, 25.9%, and 36.8%,
respectively. The transition probability of retinopathy to
retinopathy and CAD after 1, 2, 3, 5, 10 and 15 years was
3.9%, 7.4%, 10.6%, 16%, 25.1%, and 29.6%, respectively.
As shown in Table 4, the hazard ratio of transition from no

Diabetic Patients (N= 2519)

Variable Mean (SD) Median (QI1-Q3)
Age (years) 49.83 (8.69) 50.00 (45-55)
Diabetes duration (years) 5.05 (5.04) 3.0 (I-7)
Height (cm) 159.50 (8.96) 158.0 (153.0-166.0)
Weight (kg) 7531 (13.37) | 74.0 (66.0-83.5)
Body mass index (kg/m?) 29.66 (4.98) 29.07 (26.23-32.63)
HbAlc (%) 8.06 (2.02) 7.70 (6.60-9.20)
Fasting plasma glucose (mg/dl) | 161.10 (60.06) | 147.0 (120 —187.0)
Cholesterol (mg/dl) 176.4 (47.66) 171.0 (150.0-196.5)
TG (mg/dl) 163.4 (97.95) 140.0 (102.0-190.4)
LDL-C (mg/dl) 88.09 (29.49) | 83.0 (68.0-103.8)
HDL-C (mg/dl) 45.18 (11.02) | 44.0 (38.0-51.0)
Systolic blood pressure 122.8 (16.81) 120.0 (110.0-130.0)
(mmHeg)
Diastolic blood pressure 77.92 (9.40) 80.0 (70.0-80.0)
(mmHg)
Gender N (%)

Female 1658 (65.84%)
Education levels

Under 12 years education | 2270 (90.12%)

12 years education or 243 (9.88%)

upper

Hypertension (=140/90 191 (16.16%)

mmHg)

complication and CAD to mortality for men was 2.04 and
2.78 compared to women. The hazard of transition from
microalbuminuria to no complication for women was 37%
which was much higher than that of men. Increasing one
unit in HbA1c increased the hazard of transition from no
complications to retinopathy and mortality by 30% and
67%, respectively. One-unit increase in HbAlc increased
the hazard of transition from retinopathy alone to retino-
pathy and CAD, and mortality by 16%, and 43%, respec-
tively. Furthermore, HbAlc increased the hazard of
transition from CAD alone to retinopathy and CAD, and
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Table 3 Probability of Next Transition in Baseline (Model Without Covariate) Model According to Passing Different Times (Years)

From To T=ISt T=2nd T=3rd T=5th T=I10th T=I15th
Year Year Year Year Year Year
No complications No complications 0.843 0.729 0.639 0.496 0.267 0.144
No complications Retinopathy (alone) 0.051 0.092 0.126 0.175 0.222 0.213
No complications CAD (alone) 0.055 0.097 0.130 0.175 0.207 0.186
No complications Microalbuminuria 0.037 0.047 0.047 0.039 0.022 0.012
No complications Retinopathy and CAD | 0.003 0.010 0.020 0.047 0.128 0.199
No complications Mortality 0.011 0.024 0.037 0.067 0.153 0.245
Retinopathy (alone) Retinopathy (alone) 0.939 0.882 0.829 0.731 0.535 0.391
Retinopathy (alone) Retinopathy and CAD | 0.039 0.074 0.106 0.160 0.251 0.296
Retinopathy (alone) Mortality 0.022 0.043 0.065 0.108 0.214 0.312
CAD (alone) CAD (alone) 0919 0.846 0.778 0.657 0.432 0.284
CAD (alone) Retinopathy and CAD | 0.052 0.098 0.139 0.206 0.308 0.348
CAD (alone) Mortality 0.028 0.056 0.083 0.136 0.259 0.368
Microalbuminuria No complications 0.507 0.640 0.639 0.533 0.292 0.158
Microalbuminuria Retinopathy (alone) 0.049 0.092 0.128 0.182 0.236 0.228
Microalbuminuria CAD (alone) 0.018 0.052 0.087 0.141 0.193 0.181
Microalbuminuria Microalbuminuria 0419 0.195 0.106 0.051 0.023 0.130
Microalbuminuria Retinopathy and CAD | 0.001 0.006 0.014 0.038 0.117 0.190
Microalbuminuria Mortality 0.004 0.014 0.026 0.054 0.138 0.229
Retinopathy and CAD | Retinopathy and CAD | 0.965 0.932 0.900 0.838 0.703 0.589
Retinopathy and CAD | Mortality 0.035 0.068 0.100 0.162 0.297 0411

mortality by 29% and 37%, respectively. Time-varying
hypertension increased the hazard ratio of transition
from no complications, retinopathy, CAD, and retinopathy
and CAD to mortality by 3.09, 1.65, 3.97, and 2.42 times,
respectively. Furthermore, one-unit increase in LDL
increased the hazard ratio of transition from CAD, and
retinopathy and CAD to mortality by 1.8% and 2.4%,
respectively. One-unit decrease in HDL increased the
hazard ratio (95% CI) of transition from retinopathy and
CAD to mortality by 1.03 (1.01, 1.05) times. There was
not any effect of triglyceride on the transition between the
complications of the patients. Figure 2 indicates the
observed and expected percentages of baseline model
prevalence in each state against time (the goodness of
baseline model was evaluated and verified [P. V= 0.261]).

Discussion

We found that increase in both systolic and diastolic blood
pressure as well as hypertension was positively related to
mortality in no complication individuals, individuals with
retinopathy, and also individuals with CAD. Furthermore,
systolic blood pressure had an important role in the devel-
opment of retinopathy in non-complication and CAD
patients. Several studies have shown that hypertension
accelerated the development of diabetic complications

such as retinopathy,?’ nephropathy,?® coronary artery dis-
eases, or even independent risk factors for all-cause mor-
tality in individuals with diabetes.”” Higher LDL-C in our
study was a risk factor for the transition from no
complication to retinopathy, CAD, microalbuminuria, and
mortality. Another study also reported higher LDL-C
diabetic
retinopathy.>® The association of LDL-C level with cor-

levels as an independent risk factor for

onary heart disease in individuals with and without dia-

betes is well known.?'

A systematic review on the
association of lipid profile and DR indicated that only
higher LDL-C levels were associated with DR and other
components of lipid profile are not related.*>

Our findings showed that high levels of time-varying
HbAlc increased the hazard of transition to retinopathy
and mortality in diabetic patients. One level increase in
time-varying HbAlc increased the hazard ratio of transi-
tion to retinopathy and mortality in no complication
patients by 30% and 67%, respectively. We found that
HbAI1C level was a strong indicator of mortality in dia-
betic individuals with no complication, CAD, and those
with retinopathy. Several studies have shown that there is
a positive correlation between HbA1C level and preva-
lence of complications. A retrospective observational
study reported that diabetic retinopathy and nephropathy
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Table 4 Hazard Ratio (95% ClI) of Risk Factors Associated with Diabetic Complications in the Different Multistate Models

From To HbAIC LDL HDL Cholesterol TG
No complications Retinopathy 1.30 (1.24, 1.37) | 1.004 (1.000, 1.008) | 1.00 (0.99, 1.01) [ 1.006 (1.004, 1.009) [ 1.00 (0.99, 1.01)
(alone)
No complications CAD (alone) 1.05 (0.98, 1.12) [ 1.004 (1.000, 1.007) | 0.99 (0.98, 1.00) [ 1.002 (0.999, 1.005) [ 0.99 (0.98, 1.01)
No complications Microalbuminuria | 1.06 (0.99, I.14) [ 1.005 (1.001, 1.009) | 1.00 (0.99, 1.01) [ 1.001 (0.998, 1.004) | 0.94 (0.81, 1.09)
No complications Mortality 1.67 (1.44, 1.96) | 1.031 (1.018, 1.044) | 1.00 (0.94, 1.07) [ 1.014 (1.010, 1.019) [ 0.99 (0.90, 1.10)
Retinopathy (alone) | Retinopathy and 1.16 (1.04, 1.30) [ 1.011 (1.004, 1.018) | 1.01 (0.99, 1.03) [ 1.013 (1.010, 1.017) [ 0.98 (0.92, 1.06)
CAD
Retinopathy (alone) | Mortality 1.43 (1.29, 1.59) | 1.032 (1.021, 1.042) | 1.00 (0.97, 1.04) [ 1.016 (1.013, 1.020) | 0.97 (0.93, 1.02)
CAD (alone) Retinopathy and 1.29 (1.18, 1.41) [ 1.005 (0.999, 1.011) | 0.99 (0.97, 1.01) [ 1.006 (1.001, 1.010) [ 0.99 (0.71, 1.37)
CAD
CAD (alone) Mortality 1.37 (1.15, 1.63) | 1.018 (1.007, 1.029) | 0.98 (0.92, 1.03) [ 1.014 (1.010, 1.018) [ 0.99 (0.98, 1.01)
Microalbuminuria No complications | 1.13 (1.00, 1.27) [ 1.001 (0.997, 1.004) | 1.00 (0.99, 1.01) [ 0.999 (0.996, 1.002) | 1.00 (0.86, 1.18)
Microalbuminuria Retinopathy 1.36 (1.11, 1.66) [ 0.999 (0.985, 1.014) | 1.02 (0.99, 1.04) [ 0.998 (0.986, 1.011) [ 1.00 (0.78, 1.27)
(alone)
Microalbuminuria Mortality 0.66 (0.12, 3.78) | 1.021 (0.992, 1.052) [ 1.03 (0.98, 1.09) | 1.017 (0.991, 1.043) | 1.00 (0.76, 1.29)
Retinopathy and Mortality 1.67 (1.46, 1.92) | 1.024 (1.016, 1.032) | 0.97 (0.95,0.99) [ 1.018 (1.015, 1.021) [ 1.00 (0.74, 1.31)
CAD
—2 log likelihood 17330.47 18239.91 18486.14 19085.43 2142601
From To SBP DBP Time-varying | Sex BMI
hypertension
(140/90)
No complications Retinopathy 1.019 (1.013, 1.016 (1.004, 1.028) | 1.338 (1.029, 0.85 (0.67, 1.07) 0.98 (0.95, 1.05)
(alone) 1.026) 1.739)
No complications CAD (alone) 1.002 (0.995, 0.996 (0.985, 1.008) | 0.829 (0.612, 1.19 (0.94, 1.50) 1.01 (0.99, 1.04)
1.009) 1.123)
No complications Microalbuminuria | 0.996 (0.988, 0.979 (0.966, 0.993) | 0.569 (0.394, 1.12 (0.82, 1.46) 0.98 (0.96, 1.02)
1.004) 0.821)
No complications Mortality 1.041 (1.030, 1.053 (1.024, 1.084) | 4.089 (2.285, 0.49 (0.27, 0.93) 0.88 (0.81, 0.96)
1.053) 7.315)
Retinopathy (alone) | Retinopathy
(alone)
Retinopathy (alone) | Retinopathy and 1.021 (1.010, 1.045 (1.022, 1.069) | 1.791 (1.075, 0.98 (0.60, 1.59) 0.99 (0.93, 1.05)
CAD 1.031) 2.984)
Retinopathy (alone) | Mortality 1.027 (1.014, 1.036 (0.999, 1.074) | 2.651 (1.289, 0.52 (0.25, 1.08) 0.75 (0.66, 0.84)
1.040) 5.454)
CAD (alone) CAD (alone)
CAD (alone) Retinopathy and 1.016 (1.006, 1.003 (0.986, 1.020) | 1.322 (0.869, 0.70 (0.47, 1.04) 0.97 (0.93, 1.01)
CAD 1.027) 2.011)
CAD (alone) Mortality 1.036 (1.026, 1.061 (1.041, 1.081) | 4.976 (2.553, 0.36 (0.20, 0.66) 0.88 (0.81, 0.95)
1.047) 9.696)
Microalbuminuria No complications | 0.999 (0.993, 0.990 (0.979, 1.002) | 0.658 (0.487, 1.32 (1.06, 1.64) 0.98 (0.96, 1.01)
1.006) 0.900)
Microalbuminuria Retinopathy 1.020 (1.001, 1.044 (0.996, 1.095) | 1.900 (0.741, 0.51 (0.22, 1.17) 0.95 (0.81, 1.12)
(alone) 1.039) 4.869)
Microalbuminuria Microalbuminuria
Microalbuminuria Mortality 0.954 (0.816, 1111 (0.811, 1.522) [ 0.954 (big) 2,67 (-) 1.13 (0.77, 1.65)
1.116)
Retinopathy and Retinopathy and
CAD CAD
Retinopathy and Mortality 1.032 (1.021, 1.055 (1.026, 1.084) | 3.424 (1.658, 0.57 (0.28, 1.13) 0.93 (0.86, 1.00)
CAD 1.043) 7.069)
—2 log likelihood 20348.2 20448.78 20443.58 22202.77 9559.685
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Figure 2 Comparing observed (solid lines) and expected (dashed lines) percentages of prevalence in each state against time according to the baseline model (state I: no
complication, state 2: retinopathy, state 3: CAD, state 4: microalbuminuria, state 5: retinopathy and CAD, and state 6: mortality).

were related to hemoglobin Alc which was an indicator of
poor control of diabetes mellitus.>® Another study also
reported that age, disease duration, and HBAlc level
were related to microvascular complications of diabetes,
while only age was related to macrovascular complication
of diabetes, which is in line with our findings as we found
that only mortality and retinopathy were associated with
higher levels of HbA1C.**

In our study, females without complication had 12% less
risk of mortality than males which could be explained by
a longer life expectancy in women than men.> In females
without complication and with CAD, the risk of mortality
was lower than males. This finding is in line with the results
of previous studies which reported a lower mortality rate in
women than in men with diabetes mellitus.*®

We found that higher BMI is a significant protective
factor for mortality in individuals with diabetes. Mortality
transition from no complication individuals as well as
diabetic patients with retinopathy and CAD decreased in
groups with higher BMI. We did not analyze the effect of
BMI the World Health
Organization’s classification. This finding may be justified

on mortality based on

with the paradox of obesity which was recently reported in
some studies.’’® In older adults, overweight may parti-
cularly be accompanied by a lower risk of all-cause and
cardiovascular motility.>” Furthermore, among type 2 dia-
betic patients, the U-shaped association of BMI with all-

cause mortality with adjusted age, sex, systolic blood
pressure, diastolic blood pressure, fasting plasma glucose,
total cholesterol, triglyceride, smoking, and diabetes dura-
tion has been observed which showed that overweight
participants had a significantly lower hazard ratio of mor-
tality than other BMI groups.*®

We found that with time extension from the diagnosis
of diabetes, the probability of being free of complication
had a decreasing trend while the probability of mortality
and all complications had an incremental trend. A previous
study reported that 1-year increase in diabetes duration
increases the risk of macrovascular complications and
microvascular problems by 13% and 28%, respectively,
in individuals with diabetes mellitus.*® Moreover, the pre-
sence of retinopathy and CAD was the strongest predictor
of mortality than CAD, retinopathy, and microalbuminuria
during the long-term follow-up period. Other studies indi-
cated that retinopathy is a stronger predictor of mortality.
Van Hecke et al found that individuals with no prolifera-
tive DR had a 45% greater risk and those with proliferative
DR had 4 times higher risk of mortality than individuals
without DR.*°

It seems that numerous factors are involved in the devel-
opment of microvascular and macrovascular complications
in diabetes mellitus. Hyperglycemia is one of the important
factors. Hyperglycemia activates polyol and hexosamine

pathways and accelerates glycosylation of the proteins. The
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glycosylated proteins increase the production of growth
factors, angiotensin II and have a prominent role in vascular
proliferation in retinopathy. Moreover, the presence of
hyperglycemia, increase in the activation of protein kinase
C, oxidative stress, and cytokines induced endothelial dys-
function which is a key point in the development of micro-
vascular and macrovascular complications. Furthermore,
epigenetic factors and microRNA may be involved in the
complications of diabetes mellitus.*' This may be justified
with previous finding which showed that retinopathy of
diabetes is a relatively late onset of complications of dia-
betes mellitus and may be a sign of poor control of diabetes.
Moreover, this finding may be related to this fact that retino-
pathy is easily recognized by the clinician; however, cardi-
ovascular involvement, particularly in individuals with
diabetes may remain silent until the end-outcomes/late
stages of the disease.

This study has several limitations worth noting. First,
we did not address the type of retinopathy in our analysis
as previous studies reported that different grades of
diabetes retinopathy (proliferative than non-proliferative
diabetes retinopathy) have different risks of all-cause
mortality.*? Furthermore, due to reversible transition,
the sample size for the transition from microalbuminuria
to mortality was small; thus, a wide confidence interval
was observed. Moreover, we only considered three com-
plications in our model, while other complications such
as stroke and neuropathy may affect the results.
Although diabetic neuropathy is linked to late complica-
tions of diabetes in terms of huge morbidity and mortal-
ity, however, our patients used to refer to private clinics
(neurologists) for their neurologic evaluations, and there-
fore, we did not have access to the exact data about of
their neurologic examination findings. This is the reason
for excluding diabetic neuropathy in the model which is
an important limitation of our study.

Finally, in our MSM model, there was no state for
patients whose conditions were getting aggravated without
going to the next state which could happen in real-life
situations. The multistate model construction often
requires a high level of detail with data.

The application of multistate models as useful tools for
progressive diseases is rapidly growing. Multistate model
predicts the probability of transition from one state to
another. Furthermore, due to the presence of intermediate
events, it also provides more details on the nature and transi-
tion of chronic disease’s state over time. In this study, the
adequacy and goodness of fit of the models were evaluated.

Considering a wider spectrum of diabetes complications
in future cohort studies may provide more sound results. The
results of this study revealed the importance of controlling
hypertension and hyperlipidemia as well as controlling the
plasma glucose in order to prevent diabetic complications.
Policymakers at national and regional can improve diabetes
control at the community level by designing and implanting
models of care and active control in diabetic clinics which
may decrease the burden and cost of diabetes.

Conclusion

In addition to glycemic control, our study indicates that
controlling hypertension and hyperlipidemia is more effec-
tive in reducing mortality and the diabetic macro- and
microvascular complications. It seems that different types
of complications of diabetes are a function of duration of
diabetes. Several factors are involved in the prediction of
endpoint outcomes such as mortality. Developing DR and
CAD might be the most important complications in pre-
dicting mortality in the next 15 years. We also found that
poor control of diabetes mellitus (higher HbA1C) is
a strong predictor of complications and mortality in the
next few years. Furthermore, LDL-cholesterol is related to
complications and mortality. In our study, BMI had
a preventive role in mortality among individuals with
diabetes which may indicate an obesity paradox.
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